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MICRO-TOMOGRAPHY BONE IMAGING CHALLENGES: HIGH RESOLUTION
(OSTEOCYTE LACUNAE), HIGH DENSITY (METAL IMPLANTS)
Phil Salmon
Bruker-microCT, BelgiumBone and osteoporosis research has played a role in driving the development
of microCT systems with high resolution and throughput for analysis of
preclinical and clinical bone samples. Bone research continues to create
requirements that test the frontiers of performance of micro/nanoCT
technology. It does so in two different directions.
First, in the direction of submicron nano-CT imaging: interest is growing into
the role of osteocytes within the bone matrix. MicroCT can measure in 3D
the size, shape and distribution of osteocyte lacunae, providing information
about the history of lacunar formation and remodeling e a four dimensional
time-stamp of the activity of the osteoblasts-osteocytes in growing and
remodeling bone. Osteocyte lacunae have a diameter range of 5e9 microns,
meaning that microCT voxel sizes of near or below a micron are ideal for
accurate measurement of osteocyte lacunar morphology. Good image signal
to noise ratio is also essential to resolve the lacunae from noise dots.
Second, in the direction of imaging of metal orthopedic implants which pose
a particular difficulty for microCT due to strong Z4-proportional X-ray ab-
sorption and consequent extreme beam hardening in metals. It is not the im-
aging of metals per se that is the problem, but more the imaging of much
lower density materials surrounding the metal e and in this context bone it-
self becomes a “very low density material”. This is a different technical
challenge for microCT requiring innovations in camera and source technol-
ogy and reconstruction software.
A new nanoCT instrument, the SkyScan2211, represents a step toward
solving both the above requirements, with two X-ray cameras optimized
respectively for both the above imaging challenges. The first is an 11
megapixel CCD, precisely coupled without geometric distortion to a
scintillator optimized for submicron resolution. The second camera is a
flat panel detector with special radiation-hardened electronics, optimized
for large and high-density objects, and a thicker scintillator for detection of
high energy X-rays. An X-ray source is fitted which again meets both the
submicron and the large object-high density challenges. While allowing a
submicron emission spot size for submicron resolutions, it also has a high top
voltage of 190 kV, significantly extending the possibilities for imaging metal
objects such as orthopedic implants. This instrument thus provides a multi-
scale solution from submicron imaging up to imaging of large metal-
containing objects. It represents a new technical resource extending the
frontier of imaging possibilities for bone and orthopedic research.Fig. 1. Submicron pixel resolution allows visualisation and analysis of
osteocyte lacunae as well as mineralisation heterogeneity.
Abstracts 199Fig. 2. Imaging of bone close to a metal implant tests the ability of microCT
hardware and software to overcome artefacts associated with extreme
beam hardening in metals.
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Intracellular Ca+2 ([Ca+2]i) oscillations, mediated by mechanosensitive Ca
+2
channels and the ER Ca+2 store, have been observed in osteocytes in
response to mechanical loading in vitro and ex vivo in our laboratory. While
many distant downstream gene expression pathways of [Ca+2]i signaling have
been studied, the immediate, temporally-regulated effects of these
numerous [Ca+2]i oscillations in osteocytes have not been elucidated. A
recent study in the gene expression of primary osteocytes has suggested
high levels of muscle contraction-related proteins. A hallmark of muscle is
its [Ca+2]i-dependent actomyosin contractility. We hypothesized thatosteocytes utilize [Ca+2]i oscillations to activate pulsing, muscle-like con-
tractile mechanical behavior. In this study, we used a quasi-3D imaging tech-
nique to simultaneously measure the contractile behavior of the actin
networks and [Ca+2]i in single osteocytes.
[Ca+2]i spikes were induced using fluid flow, ATP, or ionomycin in MLO-Y4 os-
teocytes. Contraction in the actin networks was measured immediately upon
onset of [Ca+2]i influx in all groups, indicated by a decrease in the strain
value. Microtubule networks did not display a similar contractile response.
Longer imaging of actin contractions displayed reversible, phasic contrac-
tions in the actin networks over a period of w180 s.
As non-muscle and smooth muscle myosin II isoforms are regulated by myosin
light chain kinase (MLCK) and skeletal and cardiac myosin II isoforms by
troponins, we sought to determine the myosin responsible for the observed
contraction. Under ATP stimulation, MLCK inhibition by ML-7 drastically
altered the kinetics of contraction, but skeletal and non-muscle myosin II
inhibition by blebbistatin had no effect. This pointed towards a smooth
muscle myosin mediated contraction. Furthermore, we verified the presence
of smooth muscle myosin heavy chain (SMMHC) in primary osteocytes and
MLO-Y4 osteocytes.
Here, we demonstrate a novel osteocyte mechano- and transduction
behavior where [Ca+2]i oscillations activate dynamic actomyosin contrac-
tions. Future studies will verify this mechanism in ex vivo osteocytes, as
well as investigate downstream behaviors of contractility in osteocytes,
such as contractility-mediated vesicle exocytosis.
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TRACING STEM CELLS USING IN VIVO IMAGING TECHNIQUES IN BONE
REPAIR AND CANCER RESEARCH
Gang Li
Department of Orthopaedics and Traumatology, Faculty of Medicine,
The Chinese University Hong Kong, Hong Kong
Regenerative medicine with the use of stem cells is the therapeutic
alternative for many disease states. Questions remain regarding the viability
